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Research on power transmission enhancement strategy of LCC-MMC
hybrid HVDC system under AC symmetric fault

SHI Bonian', HONG Chao?, SUN Gang', ZHANG Ye?, YANG Jian®
(1. Beijing Sifang Automation Co., Ltd., Beijing 100085, China; 2. Electric Power Research Institute of
China Southern Power Grid Company Limited, Guangzhou 510663, China)

Abstract: The hybrid HVDC system, which adopts line commutated converter in rectifier side, and modular multilevel
converter in inverter side, can combine the advantages of the two converters and has broad application prospects. Based
on the study of the basic steady-state operation control characteristics, the DC transmission power drop and the
interruption problem caused by the asymmetric fault of the AC power network are analyzed emphatically on the basis of
the LCC-MMC hybrid HVDC transmission system. And the AC fault characteristics of the hybrid HVDC system are
analyzed. It is found that the DC voltage drop caused by the asymmetrical fault is most likely to cause the interruption of
the transmission power at the rectifier side, and cause the voltage anomaly at the inverter side. A supplementary DC
voltage control strategy based on MMC typical control is proposed to improve the transmission capacity of the DC system
by reducing the reference DC voltage of the inverter in the modulation range. If it is detected that the inverter side DC
component of the DC voltage exceeds the limit value, the additional control strategy is automatically input, without
relying on the communication between the converter stations. Finally, the feasibility of the proposed control strategy is
verified by PSCAD/EMTDC electromagnetic transient simulation.
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Fig. 1 Topological graph of LCC-MMC hybrid HVDC system
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Fig. 2 Basic control strategy of LCC-MMC hybrid HVDC system
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Fig. 3 Diagram of the supplementary DC voltage control

strategy based on MMC typical control logic

MMC B SRS AR i, AR R
Hs ¥R R ICTND)Z . IR Rt R I Il
Ug r ~ Uy 2P0FRIRIEAZ 3 MMC (R R 2%
EHEERME: O~ Q HFRINLININ RN S
SR iy Dy d, e, YRR dg B
MSEAE GG u,  u, 23 FR B dg 5
Hyov, s v, IR dg RS .

B LA R s 42 A e i AR ] = A 3 ) i
v (k=a,b, o) G v, . FAAIG)T
SAF RN R m s IR m b ] L2l
my e (BURKAE DI ZERSEAN PLFEHIES, B4
RN B EZEA 225 AU g o o BRI D) RE



-76 - @A &R B R

B IEERLS S S, HRG HARG R
PR AL A 5 RS ELIE L BRI S A AR v
HARAIEZS, W& BRSO R 1
AT oI

BRI EEL O PO s A2 RS R 0 4 AR 5 R i e el
M ML MMC IE S8 FLIR LI R 100 Hz 23 ) e £
Ko, IS 2 AR

HA LI 100 Hz 35 31 (S Frr .

IdcfPflOO Hz >1 Ej?‘

set

IdcﬁNilOO Hz > Iset (5)
I =k 1 depn T k1 de P
Horrs Idc_P_IOO 1| Idc_N_lOO w APEE E A 100
Hz 43ie; Lo on Al Lo p 9 ELURAIUE HLUAN S B LU
i & Ak, R ZRE 4nTE 0.03; F T4 5K
W D)5 AR 3 B AE L B HTHY 10 ms.

AR AT RGN, AR HE R BRI,
MMC [y FREE 2 205m, W) bR B i e
BN, e b3 B In B v s 4 RS AN IS T
RS, bIsE, AR MMC R 78 R 45 H EH R
FEVATRES), BoRPBR RO E D%, B LCC
& AR A, B RE T

4 (FEWIE

%K 1 Tiaiin 4457 PSCAD/EMTDC 1ji
B G A LCC-MMC W& IR R Gi)i ELA Y,
h B0 T B AL R SR ) AT AT I, AT WA
TLG AR AN FE AT LRI B0 A FN KT 2 2 5245 D] 1)
AP
4.1 B MEE

WE BRI AT T ARG B A AN XS TR 22 Hl g e,
PeHb R R 15 Q, MBERESE 1s, 1R F A HEE
500 MW o Y88t il kI 21 A2 i v e BRI S, SR
DI 2 f /M R AR, iR A 28Tk 2 A /)
BRI o BT ACTUAS KRR BT 5 RS 9 4770 25 18
T AR dE N B, AR S MMC Sy KA
BHZAZ I 5

Wil 4 froR: SE S EER B R A A
SR TR BOE A, FEEA A 100 Hz (/Y75
gy WiARE MMC D)4 22 BN B e R A =€,
S HI KT U m,, =1,

o LU B I T R s 4 s BN AT JE 4 B
e, il s fros. MR AT IL: B AH K
IRPEL) 30%; (RIS T, WA B v R B
%, et °) BLUR A 220K, Wedit 2R 1) LI A
B T2 I TR o

1.0F — —
— ST A

— GRS

— 100 HzZZ i 43

0.8
0.6

0.4+

100 Hz {4 21

02+

—

0 Do

28 30 32 34 36 38 40 42 44
t/s

& 4 MMC i 100 Hz {R4PiE 2B
Fig. 4 Simulation waveform of 100 Hz protection in MMC

LCC=g it
H R /pau.

coo—r—

N0 OO —
12 q
wl i

LCC P
[ [/p.u
22Zh
1=l 151 ]
=3 »| 53

pu

Sooo—
bR
M T

LCCH it

[*]
oo
(]
)
ta
Cad
=
Lt
o
[
oo
4
=
i
+a
+

MMC i

— A fEH

— [l

LCC
fitk A F1/(°)
O

28 3.0 32 34 36 38 40 42 44

— A
— Kl q
L L

28 3.0 32 3.4 3.6 3.8 4.0 42 4.4

MMC i
(=]
[ee

5 ERMAR B MBS B

Fig. 5 Simulation waveform of rectifier side B phase fault

4.2 FLMHEE

WE IS ARSI RGN BC AR R, FEt e
BH 20 Q, WFEHFEE 1 s, L4 IR A BUEE 500 MW o
H T MMC #5280 E A 5007 ey, A2t
WA FR AT 51 1 07 oy A Sl 2SN B
TERBEM, WAREE MMC 3 A2 B ZAS 4
i, U E R H 100 Hz AR PR 8h7E, k] 5
AR

MAGEE 6 sl W, BC A HL L R R 5
SR IR BV, ) AR A I R e A% i 1 )
K. BEr, MMC 784 A& 3 H B R 1



A, 45

ATTRANK TR T ) LCC-MMC iR LI 2R Gtk Dy 22 52 TS ifF ¢

- 77 -

REJIIF IR AU L R S I E D SCRF - DR AR Seian A At
A IR AR 2 ) MMC RO A 78,
FEARGN AT

2
JiL

= 1:5 ' : ' '
= Lo e e — :
{ 89 R T —— = — 1y
o= 05 —
o= - 1 i 1 1 1 i 1 Ir"
j 28 3.0 3.2 34 3.6 3.8 4.0 42 4.4
235 15 . . s s ; : . .
me 1.0 WA S
O® o0sf /T i
O = . . . . . L L .
2w 038 30 32 34 36 38 40 4z 44
g ' ' ' ' =
R, v ¥ o2
% _R, 2.8 3.0 32 34 3.6 38 4.0 42 4.4
== T T T T T T
e 12 ]
SR e S
= 28 3.0 32 34 3.6 3.8 4.0 4.2 4.4
s 2

£

B

i_‘l

MMC MMC i}

STA

100 Hz

. L ! . L . . L
‘28 3.0 32 34 36 38 40 42 44 46
t/s

6 WM BC HMFEIAEIR R
Fig. 6 Simulation waveform of inverter

side BC phase-to-phase fault
5 #ig

AAEWFFT LCC-MMC IR A BEIR R G A TS
BATESHIRFE SR aE [, $2H 3T MMC SR 5
149 B 0 BT FRL s 42 il Sk, i ik PSCAD/EMTDC
FERMT T ERAE, 45T,

1) BFS T A U0 HL DX AN S Ak e e o5 | s L 97 o
DN b i) i, 18 TR HIR ARG
TR . AI: BRI AZ AN FR e 5 R 1
B B n] e S EUIE TR b b WA
AT B 25 5 5 | I R Gk H R .

2) P HE BN B H R s I SR A O R E MMC
ANRA LIS, N B RS 251
T o AR 30 8 ) 98 P e A ) ) B R i T
R L R AR R

3) xR s i SO A 100 Hz R e E
[ 54 A i R D () 4, TE 5 4l 1 (1)
WA RSP e a0 B B D, SEEEL
T E.

Sk
(1] B, mEERE e TREEAM]. dbg: fEE )
HipRAL, 2004.

(2] fREL ZMEEAREAERSM]. At PUBCT dARA,

[3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

2014.

MANOHAR P, KELAMANE V. KAUSHIK D, et al.
Improved controls for LCC-VSC hybrid HVDC system[C]
/I Proceedings of 2013 International Conference on
Circuits, Controls and Communications, December 27-28,
2013. Bengaluru, India: 5p.

NAMI A, LIANG J, DIJKHUIZEN F, et al. Modular
multilevel converters for HVDC applications: review on
converter cells and functionalities[J]. IEEE Transactions
on Power Delivery, 2015, 30(1): 385-394.

INBEZE, idR, XUREHE. U R U 4 R
PEOI BT BSOS Wi ST (0], L) R DR 54546, 2017,
45(2): 75-85.

SUN Xiaoyun, GAO Xin, LIU Yanhua. VSC fault
characteristic analysis and diagnosis research of VSC-
HVDC[J]. Power System Protection and Control, 2017,
45(2): 75-85.

Gl e, BN, DENE. FRVEE U R AR EORITIT
W KR FED]. M R EEA B, 2013, 37(15): 3-14.
TANG Guangfu, HE Zhiyuan, PANG Hui. Research,
application and development of VSC-HVDC engineering
technology[J]. Automation of Electric Power Systems,
2013, 37(15): 3-14.

JEBE, ARG BEOHK. LCC-MMC W& i i B I i 3R
Z[1]. L HEARSH, 2013, 28(10): 301-311.

TANG Geng, XU Zheng, XUE Yinglin. A LCC-MMC
hybrid HVDC transmission system[J]. Transactions of
China Electrotechnical Society, 2013, 28(10): 301-311.
AU, SR, PR, A5, BIHUEZ P s
TR LI T 2 41 SR BEH[T]. M RIER, 2015, 39(7):
1779-1785.

LI Haifeng, LIU Chongru, LI Gengyin, et al. Design of
additional DC voltage control strategy for modular
multilevel converter[J]. Power System Technology, 2015,
39(7): 1779-1785.

Vi, Bl 3T LCC fl FHMMC [ &8 H iR
RA[N. FEHIEHA, 2014, 40(8): 2520-2530.

XU Feng, XU Zheng. Hybrid HVDC system based on
LCC and FHMMCIJ]. High Voltage Engineering, 2014,
40(8): 2520-2530.

2/ FF5W, 4, 4% LCC B B 9 3
B FB-MMC  Dh#e 73 52k (7R 5 284 22 i TLIAL i B 2R ¢
[7]. HEMEAR, 2016, 41(9): 2795-2803.

LI Shaohua, WANG Xiuli, PENG Zhong, et al. Hybrid
multi-terminal integration of parallel FB-MMC tapping
station into LCC-HVDC transmission link[J]. Power



-78 - &0 &GP DA
System Technology, 2016, 41(9): 2795-2803. from Xiluodu to Zhejiang[J]. Power System Protection

[11] EEoetk, B3R, ®WH, . LCC-C-MMC EA & and Control, 2015, 43(1): 115-121.

ELUR AR GE ELUR A 5 e SR (0], o B L R [16] #Rig2, PridfE, BB K. w5 HR 50Hz M
4%, 2016, 42(1): 85-96. 100 Hz (R4 S HT0]. o1 R GG 545, 2010,
XUE Yinglin, GE Fenglei, ZHAO Zheng, et al. DC 38(4): 54-57.

low-voltage ride-through control strategy of LCC—C— XU Haijun, RUAN Siye, LU Pengfei. Study of 50 Hz and
MMC hybrid HVDC system[J]. Proceedings of the CSEE, 100 Hz protection in Gaoling back-to-back HVDC
2016, 42(1): 85-96. system[J]. Power System Protection and Control, 2010,

(12] Uz, WA, <, 5. SRt RS E 38(4): 54-57.

Yuu%%'ﬁéﬁ%ﬁﬂ%%’ﬁﬁ%bﬁﬂ% Ul B &g Mk, (17] Efx, B, 29, 5. hWR LCC-VSC R &
2017, 41(4): 125-130. i L RS IR MR AL L SE[T). R R
LIU Zhichao, SHI Bonian, LIU Bin, et al. Control GARPT 5 1EH, 2015, 43(21): 27-33.

strategies of LCC-MMC hybrid HVDC transmission WANG Lei, LI Xingyuan, LI Kuan, et al. Research of
under AC system fault based on maximum modulation pseudo bipolar LCC-VSC hybrid HVDC system supplying
index[J]. Automation of Electric Power Systems, 2017, passive network[J]. Power System Protection and Control,
41(4): 125-130. 2015, 43(21): 27-33.

(13) $8HX, BB, #2782, 55, — PhEAT LUl 5 i (18] sEfubg, R, 3C2h3*. 2T CSC M VSC iR

GEWAUMEAEREN R ITEIEN }“[J]. I LT AR R, 2015, Uiy EL L R G A ] O RG B Bk, 2006,
33(17): 4345-4351. 30(20): 32-36, 76.
GUO Chunyi, ZHAO Chengyong, PENG Maolan, et al. YUAN Xufeng, CHENG Shijie, WEN Jinyu. Simulation
A hybrid HVDC system with DC fault ride-through study for a hybrid multi-terminal HVDC system based on
capability[J]. Proceedings of the CSEE, 2015, 33(17): VSC and CSC[J]. Automation of Electric Power Systems,
4345-4351. 2006, 30(20): 32-36, 76.

[14] fewe™%, WhRME. 720G U7 2 2 o 22 M B v
RIS, BEA, 2015, 39(6): 1586-1592. Weke HHA: 2017-02-24; f&E H#: 2017-07-07
XIONG Lingfei, HAN Minxiao. A novel combined fEE R X . . L

BAAF (1976—), %, ., H1, AARFTEOHLAR
control strategy for VSC-MTDC[J]. Power System . e ) o
W, 7] % AT 5 E #2415 ; E-mail: shibonian@sf-auto.com
Technology, 2015, 39(6): 1586-1592. B OB96T—), F, W, HEAST, AFXAL
[15] SR, #ai, kEIR, & K- #1800 kV

R e s LA P R VA DR AR 0 St R S 7 3
W] B R RY S, 2015, 43(1):
115-121.

WU Qingfan, HUANG Jinhai, ZHANG Ailing, et al. DC
protection system implementation strategy and simulation

test study of +800 kV UHVDC power transmission project

BIRY ) R GA Aor. EBATEAEA], AR TG A,
RIeFe Bl XA AR F A A; E-mail: hongchao@csg.cn
IR (1986—), F, AL, BRRG @A FM A AER
R4 AR % . E-mail: sungang@sf-auto.com
(R4t Biedm)



	DOI: 10.7667/PSPC201725 
	交流不对称故障下的LCC-MMC混合直流系统 
	输送功率提升策略研究 
	Research on power transmission enhancement strategy of LCC-MMC  
	hybrid HVDC system under AC symmetric fault 
	SHI Bonian1, HONG Chao2, SUN Gang1, ZHANG Ye2, YANG Jian2 



